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TEOS 在微乳液两相的界面上水解，从而制备出了 SiO2 包裹水或水溶液的纳米溶
胶的核壳结构。该方法的优点有：制备的核壳结构粒径分布好，水解反应的过程
是自限制和自终止的过程，因此可以通过调控反应的时间，可选择性的得到表面











































 As a new kind of nanocomposites, the core-shell nanostructured materials   
gradually developed into an important research hot spot and development trend in the 
field of nanoscience. The reason, why scientists focused on core-shell nanostructures, 
is due to its prominent improved physicochemical properties compared with single 
component material, which can improve its application in various research fields. This 
paper introduces the sol-gel method and the reverse microemulsion method to 
fabricate the inert silica and photocatalytic activity titanium dioxide as the shell of the 
core-shell structure, respectively. Then, the etching-growth method was employed to 
treat the prepared titanium dioxide nanostructures, which the sea-urchin-like titanium 
dioxide nanostructures or core-shell nanostructures were prepared. Subsequently, the 
mechanism of the etching-growth method was studied and the photocatalytic activity 
between the varying degrees of etching-growth nanostructures was compared. At the 
same time, the merits and drawbacks to fabricate core-shell structures using the 
sol-gel method and reverse microemulsion method respectively were studied. 
 The titanium dioxide nanostructures with the stab surface were prepared by the 
etching - growth method. The scanning electron microscopy (SEM) and transmission 
electron microscopy (TEM) characterization results indicates that the core-shell 
nanostructures were clearly observed and the inside of them are porous. The data of 
dynamic light scattering (DLS) shows that the size distribution of the core-shell 
sea-urchin-like nanostructures is very good at 420 nm. At the same time, the 
sea-urchin-like TiO2 after roasting show good photocatalytic property. The 
mechanism we preliminarily infered is that in a slow etching conditions, the porous 
nanostructures go through the Ostwald ripening process, which firstly they were 
etched then regenerated, resulting in the thermodynamically more stable structure. 
This method is much simple and the reaction conditions are mild and controllable 
relative to the hydrothermal synthesis, by which preparation a large number of the 
core-shell sea-urchin-like titanium dioxide nanostructures, application to modify of 
the titanium dioxide structures, core-shell structure and its doping structures can be 
easily achieved. The photocatalytic characterization was used to test the performance 
of titanium dioxide sea-urchin-like nanostructures. Relative to the original titanium 















which can widen the application of the structure. 
 The core-shell separation Au@SiO2 nanoparticles were parpared by using 
vesicles as a soft template. Through the design of experiments to optimize the 
experimental conditions, we found the use of various reagents and their best dosage. 
The APTES ensure that TEOS hydrolyzed and nucleated on the vesicle surface; the 
amount of DDAB determines the efficiency and size of the vesicle formation; the 
TEOS concentration and the reaction temperature determines the morphology of the 
synthesized product. 
 The three-phase of Hexane/DDAB/water can form a stable microemulsion 
droplets, which can be a template to control the oil-soluble TEOS hydrolysis on the 
microemulsion interface and aqueous solution can be wrapped in the silica nanoshell. 
The advantages of this method are the size distribution of the prepared core-shell 
structure is good and the hydrolysis reaction is a process of self-limitation and 
self-termination. So one can control the reaction time to alternatively synthesize the 
silica shell with different porosity. 
 
Keywords: titanium dioxide, silica, soft template method, reverse microemulsion 








































































































表 1.1 不同尺寸的纳米粒子的总原子数和表面原子所占比例 
Table 1.1 The total atomic number and proportion of surface atomic of the 
different sizes nanoparticles 
粒径（nm） 原子总数（个） 表面原子所占比例 
20 2.5×105 10% 
10 3.0 ×104 20% 
5 4.0×103 40% 
2 2.5×102 80% 
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